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Abstract 
A challenge in posteriori data processing for passive GPS based travel survey, which constitute the heart of this paper, is to 
develop a series of methods to automatically restore the sequences of data points, both in space and time. It means the trips 
and activities occurred in the survey time should be identifiable chronologically and those identified by the program should 
respect this definition convention. Reference to the research results of our colleagues, and by combining the experiences of 
other French travel survey and personal mobility survey at Lille, a series of methods has been developed and put into 
application. The data outcome is ready for further applications. 
© 2013 The Authors. Published by Elsevier B.V.  
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1. Introduction 
Compared with the GSM and Wi-Fi positioning, GPS positioning is more accurate, and wider coverage, even 
the most relevant support software is more substantial. So that, GPS based travel survey is the most common 
research among the others mobile technologies. Mid 1990, it is already used in the vehicle survey (Lee-
Gosselin,2006, Murakami,1999, Ueno,1999, Wolf,1999, Flavigny,1998). Recently, an application of large scaled 
GPS based travel survey is in Netherlands (Bohte,2008) in which, an internet recall survey is used to correct the 
destination, modal choice, or complete the missing data. They argued that every GPS-based method needs 
validation of the data by its respondents by showing them the derived results and asking for validation, correction 
and additions of trips and trip characteristics. A little early, Stopher and Collins (Stopher,2005) have shown the 
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value of an internet recall survey. But in our options, if the outcomes of data processing are good enough to 
compare with the conventional survey, any form the recall survey will be no necessary.    
A couple of authors have started to address these problems (De Jong,2003, Chung,2005, Tsui,2006, 
Flamm,2007). Basically, all approaches contain individual modules accounting for: (1) Data filtering, (2) 
Detection of trips and activities,( 3) Mode stage determination, 4) Mode identification. 
Some authors include additional features such as the merging of stages after the mode detection (De 
Jong,2003) or a feedback between the map-matching and the mode detection (Tsui,2006). 
Most recently, a paper of Nadine Schuessler and Kay W. Axhausen (2008) showed us that a GPS data 
processing is developed to identify trips and activities and their characteristics from GPS raw data without further 
information. However, without additional information, a lot of post-processing work is required to derive data 
that can be used for analysis and model estimation. These post-processing procedures are still an ongoing 
research issue.  
All these contributions of our colleagues, gives us the opportunity to stand on the shoulders of giants to 
complete our own procedures. The remaining space, we will be glade to share our methods about Data filtering, 
Segmentation, Estimation data missing, Mode determination, Distinction activities and transfer point, liking 
segments to trip and group stop points to visited location, which have been put on application in the French nation 
travel survey (Philippe,2008) and personal mobility survey at Lille. 
2. Source of information and errors 
The GPS receiver comes to record the coordinates of its position every few seconds. Introducing geographic 
information system, there will be three sources of information that play different roles in our algorithm. 
 GPS data: Where it is at what time  
 GIS (Points of interest, POI): The environment and surroundings around the point recorded by receiver (place 
type)  
 GIS (Networks): road networks, rail networks (routes chosen) 
Between these three sources of information, there is only one piece of information present in the past. That is 
the discrete GPS data. All the GIS background is seen as static state and they are not changing with the travel 
behavior of the participants. 
This information makes us to restore the past, but they are also the sources of noise and errors in parallel. 
 GPS data: Imprecision of position data, data missing at restart or in bad conditions 
 GIS: Imprecision of POI and networks, lack of POI, static map not dynamic  
 Human: GPS forgotten, No recharged, No turn on 
For post-GPS data processing, there are three key issues (Schuessler,2008): (1) How to identify individual trips 
and activities? (2) How to derive the modes used by the participants? (3) How to get the selected routes on the 
network? The algorithm should resolve all these three questions, by extract maximum the information from all the 
three sources and overcoming their errors and noises. 
3. Source of information and errors 
3.1. Data cleaning 
In the survey period, sometimes, GPS is used in poor conditions, such as cold/hot restart, or receiver on a 
position where evaluated HDOP is high, or the accuracy is reduced by multi-path effect or atmospheric layers 
and so on (Wilson,2010, Wikipedia,2009, Sharif,2004). Under the conditions mentioned above, the points 
recorded will be very absurd, which will make the next steps output the wrong results. Thereby, filtering these 
points is necessary.  
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3.1.1. Method: number of GPS satellites and DOP 
As we know, 4 satellites are needed to solve a mathematical equation in 4 unknowns in 3 dimensions plus the 
offset of the receiver clock time and satellite(Wikipedia,2009, Sharif,2004). In order to maintain maximum data 
that is useful, we leave aside altitude, which is not very usable in our case. So, only 3 satellites will be enough. 
We keep the altitude unclear, but which is quite accurate on the plan. This is not to say that we lost altitude. This 
means that there will be points where altitude is unfaithful in data collected. 
And distance error of a single point recorded by GPS respect Rayleigh distribution, and relationship between 
oot of the average of the square errors, and UERE is user 
equivalent range error). 
When a point recorded with HDOP equal 5 and the normal precision is about 5 meters, so the precision of this 
point is about 25. 
Based on our analysis, in the condition UERE equals 5, and receiver record every 1 seconds, we adopt the 
criteria require at least 3 satellites to be available and HDOP (horizontal dilution of precision) less 5. 
If 5 && 3i iHDOP nSate , then  iP  valid;  
If not, iP  invalid; wherein 1,i N  
3.1.2. Estimation of real speed 
In our hands, there are two kinds of speed, first, speed recoded by receiver, another, speed calculated by the 
coordinates of two points successive. Who is more approach the real speed? We know that speed recoded by 
receiver is an instant speed who can only present the speed at the moment that the point is recorded. That means 
he is the best candidature when points are recorded every second without any gap.  
On the contrary, speed calculated by the coordinates of two points successive is the average speed between the 
two points registered. But due to the imprecision of the coordinates, the precision of the speed declines with 
reduce of the distance between two points successive. Given a speed constant, the precision increases with 
augment of the interval between two points successive. That means if receiver lost the signals for a quite long 
time, that speed will be more approach the real speed. 
Since interval between two points successive is not always equal to the Interval settled, the gap could be 
several seconds or some days, and the interval settled could change for different receiver the formula have to be a 
 
In application, we use the weighted mean of two speeds to present the real speed. And the weight for each is 
the function of the interval between two points successive and the interval settled. 
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where  iIn  and cgIn  are interval between two points successive and interval settled, respectively. iv , ( 1, )i iv  
and esv  stand for speed recorded by GPS receiver, average speed between two points successive, and estimated 
speed, respectively. 
3.2. Data smoothing 
aberrant points, especially small error. So, in order to minimize the influence of the errors and smoothing the 
small errors, this step is necessary. 
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The smoothing method is simple: if the estimated speed of a point is over than the average speed plus 2 times 
average speeds plus 2 times the standard 
t after; then 
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Where n is number of upstream or number of downstream, and -, +, and  stand for upstream, downstream 
and ceiling function, respectively. 
As for those interval between two points successive is too great but drop in the set of upstream or downstream, 
the values of speed before or after that interval will not count in the set of upstream or downstream. 
3.3. Cutting the chain GPS data into segment in moving or stopping 
Since all points recorded in one memory, GPS raw data those we gotten is a chain. In order to derive the trips 
and activities, first of all we have to cut the chain into segments. Then, we distinguish the moving part and the 
stopping part for each segment.  
3.3.1. Chain cutting 
Criteria 1: 
In 2003, Zmud, Johanna and Jean Wolf (Zmud,2003,) argued in their paper, that 120 seconds stopping is the 
right stopping time to cut the chain off, then this threshold have been confirmed by other researchers. According 
to the statistic of short time activities in French nation travel survey 1994, and the experiences of the data 
processing, and of the daily life, the threshold, 120 seconds, seems like a good value for us either.  
When the speed recorded is low, we believe that the status of respondent is stopping. And if the speed of 
successive records is low, the time between two records is added, is called "stopping time" until a high speed for 
an upcoming recording (That recording is considered as the first point of next moving period). So, if stopping 
time  is greater than 120 seconds, the records are cut there. Then we get two different segments. And after 
thousands of testing, we take 1.1km/h as the boundary of moving and stopping. 
To avoid the exception high speed or the exception of boundary speed of moving and stopping, that makes the 
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Where TaS is threshold of stopping time 120 seconds. 
econds, 
ill continue to be added.  
Criteria 2: 
If there is a period that receiver lost the signals of GPS, interval between two points before and after this gap 
how much time the respondent was in moving and how much time he stopped during the gap. If he is moving 
during entire gap, then speed should be high. In our daily life, normally, the longer trip, the higher the speed. So 
we created an empirical threshold function in gap time as follows. 
581003440  iv InS                                                                                                                           (4) 
If the speed is higher than the result of the formula then we considered that respondent is in moving, if not, he 
is in stopping. 
Start point and end point of a gap in moving, could be the point of changing transport mode, especially for 
public transport. So, we also cut the chain if the gap is considered in moving and gap time is more than 300 
seconds. 
Criteria 3: 
nd 
moving is not continue. Therefore, we cut the chain if the gap is considered in stopping and gap time is more than 
600 seconds. 
3.3.2. Identify the moving part and the stopping part for each segment 
After that, we distinguish the moving part and the stopping part for each segment to get pure moving trace and 
stopping point. 
3.4. Assuming the mode choice  
Each mode has its own characteristics (see Table 1.) These elements will be included in the GPS data 
collected. The different characteristics of various modes of transport offer us the references to develop a method 
to infer the mode for each segment. 
To make development and evaluation of the method easier, we limited types of modes in 7, which covered 
most of the trips. They are: walking, bicycle, car / motorcycle, bus, subway, train or plane. 
Moreover, the method has another role, to distinguish fault segment that should be a part of the stopping. 
We take 95th% maximum speed, average speed without stop, median speed, 95th% maximum acceleration, 
data quality, lasting of segment, maximum signals lost, and the ratio of maximum signals lost as index to identify 
the mode choice. Data quality is defined like number of points recorded divide number of points should be 
recorded. A maximum signal lost is the biggest gap in the segment. Ratio of signals lost defined as maximum 
signal lost divide lasting of segment. 
Table 1. Comparison of characteristics of different modes 
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Index 
Mode  
average speed 
without stop 
(Km/h) 
median 
speed 
(Km/h) 
95th% 
maximum 
speed (Km/h) 
95th% maximum 
acceleration 
(m/s²) 
data 
quality 
lasting of 
segment 
(s) 
maximum 
signals lost 
(s) 
Ratio of 
signals 
lost  
walking 2-7 1.5-7 3-12 <4 >0.15 >30 <300 <0.5 
bicycle 7-20 6-20 12-24 <4 >0.3 >30 <300 <0.5 
car/ motorcycle 9-120 1.5-120 24-200 2-15 >0.3 >60 / / 
Public Transport 
1 (bus) 8-80 6-80 15-100 <15 <0.3 >120 10-120 / 
Public Transport 
2 (metro) 7-50 / 7-80 / <0.05 >240 >180 / 
Train 50-330 / 200-1500 / <0.01 >1800 >1200 / 
plane 200-800 / 50-400 / <0.1 >1800 >600 / 
Stopping 1 <7 <1.5 <12 <4 >0.1 / <300 / 
Stopping 2 <7 / <12 / / 30-180 / >0.5 
Stopping 3 <20 / <20 / / <30 / / 
Stopping 4 <3 <1.5 <3 <4 <0.1 / / / 
Stopping 5 <6 / <6 / / 240 / >0.97 
No definition Other values 
Other 
values Other values Other values 
Other 
values 
Other 
values 
Other 
values 
Other 
values 
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In determining the values of all indices, we need only one set of data to fix a single mode or to stopping or not 
definition. So that one segment has only one mode. 
More than 300 samples have tested to evaluate the method. With five sets of indices values, all stopping points 
is correctly detected, and no segment in the movement are seen as stopping points 
All car modes have been detected, about seven in ten bus and metro mode are recognized as public transport 1 
or 2, and three in ten are recognized as car. 5% walking is found as no definition, others done well. Two trips 
(segment) has correctly detected on train. There are no plane and bicycle mode in the samples, and no segment 
identified as on plane or by bicycle. 
In the next step, bus stop and metro station will be offered by GIS POI to help us further distinguish bus and 
metro. 
3.5. Group stopping point into visited location 
The mobility of people during a week or longer, shows some regularity. In particular, some stopping point will 
be repeated at high frequency, such as home, schools, offices, supermarkets and even restaurants, stadiums, 
subway station and so on. By comparison of all the stopping points during the survey period, we could group the 
stopping points who present the same locations. 
3.5.1. Geometry method 
Above all, we arrange all of the stopping point in order of chronology. The first stopping point which is the 
center, then draw a circle with a certain rays distance. If there are other(s) point (s) included in the circle, 
calculate the gravity center of the points in the circle. And then taking the center of gravity as the new center, 
draw another circle with the same ray length. If the points in the new circle are not the same as in the last circle, 
recalculates the center of gravity, and again ... until the points in the new circle do not change any more, no more 
enter, no more exit. As so, we come to find in a circle contains the maximum points. And we adopted the center 
of the circle as the last position held, and the points in the last circle are regarded as one point. After that, go 
down to find another  
(Fig.1.). 
One point cloud belongs to different circle (Fig.2.). To resolve this problem, we make the points belong to the 
circle whose centre that the point is closest to. 
 
3.5.2. Logic method and identify location type 
If the survey period is long enough, among the visited location, we can find the most visited (Table 2.).Among 
them, the most unique is home. It is usually a place where we pass the night, and also the place the most often 
visited. With these two features, we can probably determine the location home . Followed by the office, school, 
they are often visited at high frequency, and second longer stay. Particularly, service station or transfer point, 
such as bus stop, metro station, may have a high frequency, but stay time on the point is quite short. 
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Fig. 1. The basic principle illustration of geometry method 
 
Fig. 2. Another situation to group stopping points with geometry method 
Therefore, with these characteristics were mentioned, we can obtain some type of a certain visited location.  
First, hierarchize the waiting time on the stopping point according to the normal travel behaviours (Table 2). 
Table 2. Types of visited location 
Stop time (s) Pass night >10800 3600-10800 1200-3600 400-1200 120-400 <120 autre 
category 1 2 3 4 5 6 7 0 
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A visited location, grouped by geometry method, containing most the stopping point of category 1, is the place 
between them is smaller than 150 meters  
If the number of stopping points in category 2 or 3 included in a visited location more than half of survey 
days, we mark the VRL  
 
Same 
and 7 is more than half of survey days, we mark as 
 
 
3.5.3. Evaluation of the methods  
locations. About 9% most visited location group 45% of the stopping point. 31% visited location contain 70% of 
stopping point. 68% of visited locations contain only one stopping point.  
Is that reasonable if there are 68% locations that we visited only once during 10 days? 
3.6. Connect segments to trips  
A trip is the part of the connection of two activities. It can be combined in variety modes of transport.   
After having distinguished activities and transfer point, the solution is simple. We start with an activity, and 
then connect the successive segment, until the end of a segment is activity. 
However, because of lack of the good method to choose the right POI, and poor found ratio, and without the 
feedback from map-matching, determination of the activity, point transfer, is not so favorable than we imagine. 
Despite all, thanks to the mode assuming and logic location type identification, we still have developed some 
rules to convert the segments to trips, and distinguish temporary stopping, transfer point and activity.  
(1) If the stopping time is shorter than 120 seconds, this segment is linked with the next. 
(2) If the mode of a segment is public transport 1, 2 or already concreted to metro, and the mode of previous 
segment is walking, and stopping time between these two segments less than 900 seconds, these two segments is 
connected. In addition, if the transfer point is marked as VRS , the threshold value time increase to 2100 
seconds. 
(3) Same for the public transport + walking, and stopping time less than 300 seconds, then connects the two 
segments. 
4. Conclusion and Perspectives 
Post-processing to derive trips and activities from GPS data is a complicated and trivial thing. You have to dig 
out lots of hidden details, pay attention to every detail and re-rang them. No outcome is independent. They can 
modify each other. So feedback becomes the key to the quality of the results. Length of staying time in a place 
can help to find the right POI, the correct POI help us to distinguish the activities and transfer point. Transfer 
point can correct or confirm the mode of transport. But, at first, mode of transport derived from the characteristics 
of segment can help to find the right POI. But they do have some order in priorities. Data clearing must be done 
at the first place and liking segments to trip is certainly the last step. 
Fuzzy mathematics seems will be another key to the algorithm, which will be very useful in mode 
determination and POI finding. Since the nearest POI is always not the best, and the speed rang of each mode 
cover each other. 
Because every GPS receiver has his characteristics, the transport in each city is different, unique. So every 
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As the technology matures, the standard or universal processing software will be ready in the next few years to 
allow devices to be used more widely. In this way, there will be less expenditure on survey, lighter burden on 
respondents, and faster results. 
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